Bearing this in mind, a natural next step in Weyl-physics-related progress is to extend Weyl fermions into semiconductors, a move which has been overlooked in previous research. Semiconductors are particularly suitable for Weyl devices due to their high tunability and compatibility with modern electronic industry. In a narrow gap semiconductor with no inversion symmetry, the spin-orbit coupling (SOC) enables band splittings and crossings in its bulk conduction bands (CBs) or valence bands (VBs) 26 , which may result in the formation of Weyl points. If these Weyl points are located near the top of the VBs (or the bottom of the CBs), chiral-anomaly-induced exotic phenomena are expected. Here, semiconductors hosting Weyl fermions can be referred to as "Weyl semiconductors", which is schematically shown in Fig. 1a . In this work, which leverages experimental measurements and theoretical calculations, tellurium (Te) is identified as a realistic material system of "Weyl semiconductor". As an elemental semiconductor with relatively high chemical stability, it provides a simple and ideal platform for the exploration of Weyl physics in material systems beyond semimetals.
The helical structure of Te with no inversion symmetry is shown in Fig. 1b . The first principles band structure of Te is shown in Supplementary Fig. S1 (see Methods for calculation details), which demonstrates that Te is a narrow gap semiconductor exhibiting strong SOC. Its band gap (~0.38 eV) is near the corner of the Brillouin zone,
i.e., the H point (Fig. 1b) , which is consistent with previous results 27, 28 In order to confirm this theoretical prediction, angle-resolved photoemission spectroscopy (ARPES) measurements were taken on the cleaved (112 ̅ 0) surface of the Te crystals (see Methods for the measurement details). As shown in Fig. 1d , there is ARPES intensity at H point on the Fermi surface map for the -plane with ∼ π, which comes from the top of VB of Te crystals. Furthermore, when the theoretically calculated bands are overlaid with the ARPES intensity along the H-L line (cut I in Fig. 1d ), there is good agreement between the data sets in a large energy window (Fig. 1e ). Due to limited ARPES resolution, it is challenging to clearly identify these two Weyl points (W1 and W2) in our measurements. However, the striking consistency between the theoretical and experimental results strongly indicates the existence of Weyl points in the top VBs of Te, which inspired us to further study the intriguing Weyl-related transport phenomena in Te.
A material system hosting Weyl fermions is expected to exhibit the so-called chiral anomaly 5 . The key transport signature of such a phenomenon is the emergence of negative longitudinal magnetoresistance (NLMR) in the presence of parallel magnetic and electric fields 6, 9, [11] [12] [13] [14] [15] [16] [17] . To exploit this, magneto-transport measurements were systematically performed. Below we will present the comprehensive results for sample and then switches to a negative value at a critical field BC (Fig. 2c) . The magnitude of negative MR increases monotonically with increasing B up to 14 T. For T=25 K, the magnitude reaches to ~22% at 14 T, which is comparable to the NLMR effects reported for several topological semimetals such as WTe2 14 and Co3Sn2S2 9 . As the temperature increases, BC shifts to a higher value and the negative MR effect degrades accordingly due to the thermal effect, but remains observable up to ~100 K. The occurrence of the NLMR in Te may be related to the chiral anomaly, as discussed below.
Theoretically, the longitudinal magnetoconductivity, including the contribution from the chiral anomaly, can be described using the following formula 11 : Planar Hall effect (PHE), which manifests as the appearance of in-plane transverse voltage when the in-plane magnetic field is not exactly parallel or perpendicular to the current, is another important transport signature of the chiral anomaly 22, 23 . Compared to the NLMR effect, the PHE is less sensitive to spin scattering and is therefore regarded as a more reliable experimental tool for probing the chiral anomaly in topological semimetals 15, [18] [19] [20] [21] . Theoretically, the PHE in topological semimetals can be described by the following formulas 22,23 :
where ℎ = ⊥ − ∥ is the anisotropic resistivity originated from the chiral anomaly, ⊥ and ∥ are the resistivities corresponding to the magnetic field perpendicular to and along the current direction, respectively, and is the angle between the in-plane magnetic field and the current.
The configuration for measuring the PHE is depicted in the inset of previously reported for the PHE in topological semimetals 20, 21 . Fig. 3b shows the temperature-dependent PHE behavior (see Supplementary Fig. S9b for the AMR data taken simultaneously). With increasing temperature, the extracted ℎ decreases accordingly and becomes negligible at T ~ 100 K (Fig. 3d) . Such behavior is remarkably consistent with that of the w shown in Fig. 2d , suggesting the same underlying physical origin of both the PHE and NLMR in the present Te crystals (see Supplementary Note 3 for more discussion).
NLMR and PHE are the two prominent transport signatures of the chiral anomaly.
The simultaneous observation of these two effects in Te crystals definitively demonstrates that semiconductors can also host Weyl fermions. Recent theoretical studies predicted that Te can be turned into a Weyl semimetal via closing the band gap by applying high pressure 28, 31 . In contrast, here we reveal that the Weyl fermions and related exotic transport properties could be directly realized in Te without gap closing.
Note that the conductivity contributed by the chiral anomaly is predicted to be inversely proportional to the square of chemical potential relative to the Weyl point 11, 16 , the NLMR effect thus could be modulated via changing the carrier density. For Te, higher carrier density means a smaller separation between EF and the Weyl point, and the corresponding magnitude of the NLMR effect is expected to be enhanced accordingly. Moreover, the successful introduction of Weyl physics into semiconductor systems may also offer a new dimension for the future design of semiconductor devices.
Recently, giant photovoltaic effect in Weyl semimetals has been demonstrated, originated from the optical selection rule of chiral Weyl points 32, 33 . Such chiral control can also enrich the already fascinating optoelectronic properties of semiconductors, and therefore be utilized to design novel topological optoelectronic devices based on Weyl semiconductors. In addition, the existence of Weyl fermions in semiconductors ensuring robust chiral transport against external perturbations 7 , also creates new opportunities for the development of low-consumption semiconductor electronic devices.
Methods
Growth of Te single crystals. High-quality Te single crystals were grown using a physical vapor transport technique. High-purity (99.999% pure) Te powder was loaded into a quartz tube, and a small amount of C powder was added to remove trace oxygen. The quartz tube was heated to 1000 ˚C over the course of 5 hours and subsequently maintained at 1000 ˚C for 1 hour. Then the tube was cooled at a rate of 20 ˚C/h to 400 ˚C and 300 ˚C for the hot and the cold zone, respectively. After maintaining the set temperature for 2 weeks, the tube was slowly cooled to room temperature, and rod-like silvery crystals (typical dimensions of 5×0.3×0.1 mm 3 ) were obtained (see the inset of Fig. 2a ).
Structure and composition characterizations. The structure of Te single crystals was measured by a Rigaku SmartLab X-ray diffractometer (XRD) at room temperature using monochromic Cu-Kα radiation (λ=1.5418 Å). A typical XRD spectrum is shown in Supplementary Fig. S2a . In the wide range spectrum, only the sharp peaks from the Te (101 ̅ 0)
lattice plane are observed. The micro-diffraction XRD was measured by Rigaku D/Max-RAPID II with Cu-Kα radiation (λ=1.5418 Å) at room temperature. The large curved imaging plate detector with a 210° aperture allows a two dimensional diffraction imaging over a broad 2θ range, such that the detection of many lattice planes is possible without breaking the single crystal. As also shown in Supplementary Fig. S2a , the measured data matches well with the standard powder XRD pattern of Te. Supplementary Fig. S2b shows the high-resolution Electronic band structure calculations. First principles calculations were carried out within the framework of density functional theory using the Vienna Ab initio Simulation Package (VASP) 34 . All the calculations were performed with a plane-wave cutoff of 450 eV on the 9×9×9 Γ-centered k-mesh, and the convergence criterion of energy was 10 -6 eV. The generalized gradient approximation (GGA) with the Perdew-Burke-Ernzerhof (PBE) functional 35 was adopted to describe electron exchange and correlation. During structure optimization, all atoms were fully relaxed until the force on each atom was smaller than 0.01 eV/Å. In order to obtain a reliable band gap, the HSE06 hybrid functional 36 was used in the band structure calculation.
The rotational symmetry = { 2̂| 00 2 3 } is a generator along the H-L line. Including the SOC, the rotational symmetry satisfies 2 = −1, so its eigenvalues are ± . The first principles calculated eigenvalues for at two arbitrary momentums ( 1 and 2 ) are shown in Fig. 1c . b, Schematic illustration of the evolution of the chiral anomaly with chemical potential.
